Summary: The fibrous structure and arrangement of joint capsules of human shoulders [8 males (7 right, 6 left), 4 females (4 right, 3 left)] were observed under a low magnification microscope as well as a polarized microscope on film preparations (Hautchen-Praparat, Vogt 1935) with reference to stained sections (mainly with H, E and orcein).
(4 right, 3 left)] were observed under a low magnification microscope as well as a polarized microscope on film preparations (Hautchen-Praparat, Vogt 1935 ) with reference to stained sections (mainly with H, E and orcein).
The joint capsule is composed of synovial and fibrous layers and is classified into three types according to tissue composition [areolar (loose connective tissue-Fawcett, 1986) type, fibrous (dense fibrous-Fawcett, 1986) type and adipose type- (Key 1932) ].
In the joint capsule of the shoulder, the areolar type was found in the anterior region, and the fibrous type in the posterior, superior and inferior regions; the adipose type was not found.
The author found that the fibrous layer of the fibrous type basically has a 3 layered structure; the composition and arrangement of fibers differ depending on the type of layer. These three layers were named in order from the synovial layer as "Internal fibrous layer (IFL)", "Intermediate fibrous layer (MFL)" and "External fibrous layer (EFL)". The external fibrous layer can normally be directly visualized by peeling off the muscles. The EFL consists of external fascia, tendons and their transitional regions, which compose the joint of the shoulder. IFL and MFL can only be observed under a low magnification microscope and are distinguishable on film preparations. a differently fixed arrangement. The fibrous bundle of EFL is slightly thicker than that of IFL and the arrangement of the fibrous bundle is like that of supraspinatus m., infraspinatus m. and teres minor m. in the superior and posterior regions of the joint capsule.
The local existence as well as the arrangement of the fibrous layer of these three different types is discussed from the standpoint of mechanical movement of the shoulder joint.
The inspection of film preparations of membraneous tissues yields information that complements information gained by examining section preparations of those tissues.
We applied this film preparation method to a portion of the joint capsule of the human shoulder. Observations were made using stained preparations of capsules as well as film preparations subjected to examination under a polarized microscope.
The points primarily covered are the arrangement of fibers and the origin of fibroarchitectonics of and Benninghoff (1978) .
The structures of the shoulder joint, viz. structures of bone, cartilage and ligament have already been described in traditional textbooks of anatomy (Cunningham 1972 , Braus 1954 , Benninghoff 1978 , Cil-;1 .^ 1)73, 80) as well as in independent volumes (Fick 19) 4, ( ociman 1984, Depalma 1950 ). The structures of Ow 'Hint capstilc have only been described by Fick (1 9()-1), It-;ici (1917) and Nagavama (1952) N\ ho used 111\ IH ccIltil(111L.s in c\antinin!,,1 the anatomy of tissue structures, the present observations using film preparations, are useful for an understanding of the moving mechanism of the shoulder joint and the accompanying muscle.
Materials and Methods
Materials: For observation, 20 joint samples from 8 male (7 right, 6 left) and 4 female (4 right, 3 left) cadavers (40--'70 years of age) were selected from among 120 cadav ers, \\ hich were available for dissecting practice at the Department of Anatomy of Saitama Medical School during the period from 1984 to 1986. Shoulder joints, detached at the central part of the clavicle with a 10 cm proximity from the humerus, were kept in 1007o neutral formalin (Figs. 1, 2) . slcth1s I) Section preparations: Joint capsules were subdiv ided ink.1 refixed with Zenket formol, embedded in paraffin (F, IvIcrck.) and relatively thick ections [27 (approximately 20 pm) were prepared.
Sections were stained with hematoxylin-eosin or single stain of Weigert's resorcin-fuchsin, orcein or PAS or counter-stained with hematoxylin.
2) Film preparations: Blocks, stained with Weigert's resorcin-fuchsin or orcein with reference to section preparations, were peeled under a stereoscopic microscope, divided into sizes that could be fitted onto a slideglass and mounted with glycerine. This method permits observation of the fibrous arrangement which is difficult to distinguish on section preparations; it was first employed for the observation of human samples by Vogt (1935) , Pfeiffer (1938) and Bentenrieder (1939) , and later by Takizawa (1949 Takizawa ( , 1950 and Ihara (1981) .
3) The polarizing plate for the polarized microscope was from Nihon Kogaku K.K. 4) Preparation of schema: Shadows of skeletal structure were schematized by X-ray shooting various angles, and subdivisions of the film preparation were superimposed on the scheme of skeletal structure.
For the relationship of the skeletal structure and adhesive organs (muscles, joint capsule etc.), the textbook of Fraser (1965) was used as reference.
5) Standardized plane (line): To describe the fibrous arrangement, the angle of arrangement was set on the basis of anatomical position as follows; (a) In the superior region of the joint capsule, 0 degree is the front of the sagittal plane when looked at from above (horizontal projection); the angle was measured clockwise.
(b) In the posterior region of the joint capsule, 0 degree is the upper part of the sagittal plane when looked at from the back (forward projection) the angle was measured clockwise.
(c) In the anterior region of the joint capsule, 0 degree is the lower part of the sagittal plane when looked at from the front (forward projection); and the angle was measured clockwise. The above measurements were applied to the left shoulder; the angle of the right shoulder was measured counter-clockwise.
Results
Figs. 3 and 4 show a section preparation of the central part of a typical fibrous structure of the humerus shoulder joint capsule.
According to the Nomina histologica (1977, 1980) , the joint capsule is roughly divided into the (1) stratum synoviale and the (2) stratum fibrosum. The stratum synoviale is further divided into the single-layered cellulla synovialis* and the lamina propria synovialis**.
Looking at these parts on film preparations from the side of the stratum synovials, the stratum fibrosum consists of 3 layers ol fibers which run in a fixed direction. This structure can he mot (. clear ft()h,,(.1 \.(:(1 nr)(1,1 a polarized microscope. These 3 layers \\ ere named internal fibrous layer, intermediate fibrous layer and external fibrous layer in order of appearance from the side of the stratum synoviale. This 3 layered structure can also be observed on section preparations if the preparations are relatively thick (20 pm ) (Figs. 3, 4 ). In the lamina propria synovilis located inside the 3-layered stratum fibrosum there are fine collagenous fibers, elastic fibers, nerve fibers and partially adipose tissue or capillaries.
According to the tissues in or under this lamina propria synovialis, the synovial membrane can be classified into 3 types, the areolar type (loose connectiveFawcett, 1986), the fibrous type (dense fibrousFawcett, 1986) and the adipose type (Key, 1932) . This 3-layered formation exists in the underlying stratum fibrosum classified as fibrous type.
As described below, in the entire observation of the joint capsule of the shoulder posterior region, the superior and inferior region (axilla), the outer side of the anterior region, the surrounding region of the glenoid cavity, the anterior region of the glenoidal labrum, and the inner and outer layers of the synovial sheath belong to the fibrous type. The inner side of the anterior region, the bursa and its opening belong to the areolar type. In this joint, there is practically no region belonging to the adipose type.
(A) Thickness of the joint capsule According to Nagayama (1952) Fawcett (1986) it is divided into the inner synovial layer consisting of the synovial membrane ( tTj = a+ b) and the external fibrous layer consisting of the subsynovial connective tissue ( ). However, we used the Nomina histologica, which is recognized as the international nomenclature, as follows:
Capsula articularis 0 stratum synoviale -inner synovial layer (Fawcett, 1986) = synovial membrane a) cellula synovialisb) lamina propria synovialis -** stratum fibrosumexternal fibrous layer (Fa^,, cat, 1986) Fig. 3) 2) stratum fibrosum a) Internal fibrous layer (100-300 pm) (IFL in Fig.  3) b) Intermediate fibrous layer (20-50 pm) (MFL in Fig. 3) c) External fibrous layer (100-200 pm) (EFL in Fig.  3 )
The thinnest part in the posterior region of the joint capsule is the central part, the thickest part is that attached to the glenoidal labrum and the region surrounding the anatomical neck (Fig. 1) .
There was no big difference in the thickness of the stratum synovials of the joint capsule. The thickness of the joint capsule depends on the thickness of the stratum fibrosum. This region of the joint capsule is of the fibrous type; its fibrous layer has a 3-layered structure. ln the region of the elastic cartilage of the glenoidal labrum, the annularly running fibrous bundle is transitive into the intermediate and internal region ( In the region where the musculo-tendinous cuff (supraspinatus m., infraspinatus m., teres minor m. and subscapularis m.) stops at the humerus, the muscle tendons adhere to each other to form a plate which adheres to the joint capsule (Gray, 1980) . That is to say, in the region of the musculo-tendinous cuff, the internal, intermediate and external fibrous layers are not distinguishable since they adhere to each other. The external fibrous layer are not distinguishable since they adhere to each other. The external fibrous layer does not belong to the joint capsule since it is derived from the transition of the fascia of infraspinatus m. and teres minor m. to the epimysium of muscles.
The synovial membrane is of the fibrous type and its fibrous layer has a 3-layered structure. In the region where the coracohumeral lig. In the surrounding region of the glenoidal labrum, a synovial reflection consisting of areolar tissue is formed and lined with the bursa between the tendon of the subscapularis m.. In this region, the tendon of the subscapularis m. and the capsule adhere to each other (tendinous cuff) viz. the inner region of the joint capsule is areolar type, but the outer region cannot be distinguished since the fibrous layer is united with the anterior region of the epitendineum of subscapularis m.. In the anterior region of the joint capsule, the glenohumeral lig. excists, it can be observed only from the side of synovial membrane. Basmajian (1974) claimed that this ligament is only a thickening of the joint capsule whose function is unknown. The synovial membrane in this region is fibrous type, but it does not have the characteristic layered structure of the fibrous layer as observed in the posterior region. Only the uniform structure of fascicle was observed, which is similar to the internal fibrous layer.
[region of axillal The yflovial riictHhraf]( i fihrii tvp 1 It. 1)ious layer consists of irregular connective tissue composed of fibers with various thickness, they are difficult to distinguish on film preparations (Fig. 17) . The fibers of the irregular connective tissue generally run in the region of the glenoid cavity in a ring form (Fig. 18 ).
[region of intertubercular sulcus] The synovial membrane is fibrous type and its fibrous layer has a 3-layered structure (Fig. 19) . The external fibrous layer is in accord with the arrangement of the transverse humeral ligament and its angle is approximately 70 degrees. In the region of the middle portion of the tendon sheath of the biceps brachii, long head, which is located lower than this region, the internal fibrous layer runs in an angle of approximately 130 degrees and the intermediate fibrous layers is approximately 90 degres. In the lower region, the crossing angle increases and fascicles of the internal and intermediate fibrous layers run almost parallel (Fig. 20) . The stratum synoviale of the joint capsule is classified into pars villosa and pars planna according to the presence of villi on the surface. However, their components are synovial membrane cells and synovial intrinsic layer, and they are not related to the fibrous layer. On film preparations, the presence of villi is well visualized, they are abundantly present in the marginal regions of the glenoidal labrum, and the inferior region and opening region of the bursa in the joint capsule. It is suggested that these regions have less friction with the bony structure. C-b) General picture of the arrangement [Outline of the arrangement of the internal and intermediate fibrous layers in the superior and posterior regions]
As shown in Figs. 14, 16, 18, 20, fascicles start from the outer rim of the posterior region of glenoidal labrum both in the internal and intermediate fibrous layers. That is to say, fascicles of the internal fibrous layer run clockwise in a spiral direction, diverging from the central part of the glenoid cavity when the glenoid cavity is looked at from the outside, descend toward the rotator cuff and reach the line of the inner rim of the rotator cuff downward at an angel of 50-60 degrees (in the posterior region). In the superior region, fascicles run in an angle of 100 -110 degrees and reach the inner rim of rotator cuff with divergence. (Figs. 14, 16, 18, 20) .
[Relationship between surrounding tissues and organs] The arrangement of fibers is described with regard to the relationship between surrounding tissues and organs.
The posterior half of the glenoidal labrum was equally divided into 6 partsandclassifiedasfollows; Fig. 18 ) run along the tendon of the biceps brachii, long head, and exit at the center of the capsule in an acute angle toward insertion of the supraspinatus m. and terminate at the inner rim of the rotator cuff. Fascicles starting at the glenoidal labrum (n in Fig. 18 ) run against the sagittal plane in an angle of approximately 100 degrees, head toward the superior region of the greater tubercle and terminate at the inner rim of the rotator cuff of supraspinatus m.
This arrangement has an angle of approximately 20 degrees against the arrangement of supraspinatus m.
Fascicles starting at the glenoidal labrum (m in Fig.  18 ) run in an angle of approximately 60 degrees against the sagittal plane in the central part of the posterior region, toward the greater tubercle and reach the inner rim of the rotator cuff between infraspinatus m. and teres minor m. Fascicles starting at the glenoidal labrum (1 in Fig. 18 ) run toward the humerus bone located under teres minor m. (insertion). The number of fascicles starting at the lower parts (k,j in Fig. 18 ) is smaller than in the upper above parts and these fascicles are transitive to the replaced inferior region of the joint capsule in the irregular connective tissue. (Intermediate fibrous layer -dotted line in Fig. 18 )
Fascicles starting at the region close to the supraglenoidal tubercle of the glenoidal labrum (0 in Fig. 18 ) run along the tendon of the biceps brachii, long head. (Ail at the center of the capsule at an acute angle, hcadtoward the insertion of infraspinatus m. and terminate at the inner rim of the rotator cuff. Fascicles starting at the glenoidal labrum (n in Fig. 18 ) run in the opposite direction (toward the sagittal plane) at an angle of approximately 110 degrees, terminating at the inner rim of the rotator cuff of supraspinatus m. toward the greater tubercle. This arrangement has an angle of approximately 130 degrees against the sagittal plane, head toward the greater tubercle and terminate at the inner rim of the rotator cuff of infraspinatus m.. This arrangement has an angle of approximately 70 degrees against the internal fibrous layer.
The number of fascicles starting at the lower parts (k, j in Fig. 18 ) gradually lessens and these fascicles are transitive to the replaced inferior region of the joint capsule, which consists of irregular connective tissue. (External fibrous layer)
Fascicles are derived from the transition of epimysium of muscle and epitendineum of tendon or ligament. Therefore, the arrangement of the superior region of the joint capsule and the external fibrous layer of the fibrous layer in the posterior region is in accord with the arrangement of supraspinatus m., infraspinatus m. and teres minor m.
In the axillar region, the tendon of the triceps brachii, long head, is partially transitive to the joint capsule when it adheres to the inferior region of the glenoid cavity and runs in ring form against the glenoid cavity. Since the tendinous part of subscapularis m. is combined with the joint capsule in the anterior region, the external fibrous layer does not exist in this region.
This suggests that these external fibrous layers transfer the traction of muscle contraction in the movement of the shoulder joint to eliminate interference with the joint capsule during the movement.
In the posterior region of the joint capsule , :iharacteristic internal and intermediate fibrous layers )bserved in the posterior or superior region are not found and fascicles of various thickness are in accord with the arrangement of gleno-humeral lig .
In the region of the tendon sheath of the biceps Drachii, long head, the internal fibrous layer runs igainst the sagittal plane at an angle of approximately 110 degrees in near proximity and at an angle of ipproximately 130 degrees at a greater distance .
The intermediate fibrous layer runs at an angle of 30 degrees in near proximity and at approximately 40 Jegrees at a greater distance. The crossing angle is ipproximately 30 degrees in near proximity and 1pproximately 90 degrees at a greater distance . The -egion between the intermediate fibro us layer and the :xternal fibrous layer consists of areolar tissue .
Discussion
The diffeient ilb10114, structures) of the joint capsule, depending on the region in the shoulder, 'hay be associable to different stress levels affecting the joint capsule and the arrangement of fibers is basically fixed by the stress levels.
To understand the relationship between movement of the shoulder joint and stress exerted on the joint capsule, it is necessary to take into consideration the biomechanism of the shoulder joint revolving around the movement of the gleno-humeral joint.
Biomechanism of the shoulder joint
The shoulder joint is a complex joint and can be considered as 3 anatomical joints { (1) gleno-humeral, (2) sterno-clavicular and (3) acromio-clavicular } and a scapulo-thoracic joint representing a mechanical joint sliding on the thorax. Codman (1984) named the phenomenon of the smooth movement of the shoulder joint and the synchronized movement of the scapula when the arm is elevated "scapulo-humeral rhythm". Inman (1944) examined this rhythm by measuring X-ray pictures and noted that there is a setting phase until the scapula moves with the humerus; the scapula and humerus move at a determined ratio when abduction exceeds 30 degrees or flexion exceeds 60 degrees (viz. the glenohumeral joint at 10 degrees and the scapula at 5 degrees for each 15-degree of arm elevation). Saha (1981) on the other hand, stated that the ratio of movement is reversed when the angle of elevation exceeds 90 degrees. The maximum angle of elevation by active movement of the gleno-humeral joint is 105 degrees according to Lanz and Wachsmuth (1959) and the angle induced by passive movement is slightly larger than this (Fig. 21) .
The inclination of the scapula is described as 1) a medially tilting angle (XAC), 2) a downward tilting angle (YCB) and 3) an upward rotation angle (YAB) (Fig. 22) . The medially tilting angle at the position of descending arm was reported as 30 degrees by Benninghoff (1966) and as 40 degrees by Lanz and Wachsmuth (1959) . Tazoe (1983) and Kondo (1986) who studied Japanese subjects reported the angle as approximately 43 degrees and 39 degrees, respectively. Kondo (1986) reported that this angle does not change until the arm is elevated to 150 degrees.
These workers reported the downward tilting angle of the shoulder to be 8.5 degrees (Tazoe, 1983 ) and 12.6 degrees (Kondo, 1986) , and it inclines at approximately 7 degrees posteriorly when the arm is elevated to 150 degrees. There are many reports on the upward rotation angle, but there is is no wide difference among these reports from the value of approximately 60 degrees at a 150-degree elevation.
Regarding the change of inclination of the surface of the glenoid cavity with movement of the scapula, Kondo (1986) , who used measurements with of X-ray pictures and computer-aided calculation, reported that the surface of the glenoid cavity inclines at appi °xi-mately 46 degrees anteriorly and 9 degrees superiorly when the arm is lowered. At 150-degree elevation, the values were approximately 39 degrees anteriorly and 65 degrees at the position of 150-degree elevation. Therefore, flexion at the sagittal plane was performed in this study at the position where it rotates at 44 degrees against the glenoid cavity.
To be in conformity with the inclination of the surface of the glenoid cavity, the head has retrotorsion. The degree of this retrotorsion differs depending on race and Saha (1981) who summarized several reports noted that the degree gets smaller in the order of black, yellow and white races. According to Hoko et al. (1955) the retrotorsion angle of Japanese is approximately 20 degrees.
In the movement of the shoulder there are osteological restrictions imposed acromion and soft tissues such as the glenoidal labrum, muscles, ligaments, tendons, joint capsule etc. The elevation of the upper limb is influenced by the rotation of humerus. Abduction at internal rotation is possible only up to approximately 60 degrees, since the greater tubercle hits the acromion. However, if the position is switched from internal rotation to external rotation, abduction up to 100-120 degrees becomes possible because passage is posterior to the acromion. If scapular rotation is added to this position, abduction is possible up to 160-180 degrees. Block (1961) named the path where the greater tubercle passes posterior to the acromion the "posterior path"; the external rotating position is physiologically selected since soft tissues surrounding the greater tubercle are always pressed by the abduction. This phenomenon was named "corrective abduction" because it reduces friction with the acromion and it is thought of as a physiological movement for elevation. Sohier (1967) mechanism involN in the joint capsule, glenoidal labrum, supraspinatus m., infraspinatus m. and teres minor m. In preventing excessive movement of the shoulder joint, the coracohumeral lig. plays an important role. This ligament starts at the lateral border of the root of the coracoid process, runs along the tendon of the biceps brachii, long head, and interlaces with the joint capsule adjacent to the greater as well as lesser tubercle. Based on these anatomical characteristics, it is understood that this ligament is strained when the limbs are in external rotation or extension and is relaxed in internal rotation or flexion.
2) The direction of stress exerted on the movement of the shoulder joint and joint capsule. The position and direction of stress exerted on the joint capsule due to movement of the shoulder joint are relatively complicated, since the movement of the shoulder joint is a complex movement of the glenohumeral joint and the scapulo-thoracic joint and is influenced by the rotation of the humerus.
Due to the complexity involved in position and direction of stress on the joint capsule, the basic movement of the gleno-humeral joint was observed using cadavers during 1) internal and external rotation at the position of the dropping the upper limb and 2) during flexon and abduction upon passive movement.
To study the direction of stress on the redundant structure of the joint in the inferior region, synovial reflection of the synovial membrane at the attaching region of the glenoidal labrum anterior to the joint capsule and the direction of fold in the joint capsule were observed. a) No stress is put on the joint capsule at the normal position of dropping the upper limb. If the limb is inferiorly pulled, stress is put on the superior part of the joint capsule and the coracohumeral lig. is strained. However, no significant strain is put on the other regions. Depalma (1950) estimated that the coracohumeral lig. acts as a suspension ligament. Basmajian (1974) evaluated the inclination of the glenoid cavity as well as the function of supraspinatus m. as a factor in avoiding inferior dislocation of the shoulder joint. b) Regarding internal and external rotation at the position of dropping the upper limb, the inclination of the facet of the glenoid cavity and the angle of retrotorsion in the gleno-humeral joint shall be considered. The middle point between internal rotation and external rotation (0 degree in both rotations) is at the position (angle of external rotation) of 44 degrees when observed from the glenoid cavity. When the humerus is internally rotated at the position of the dropping upper limb with the elbow, flexion stress is loaded on the posterior part oF the joint capsule. Internal rotation is normally possible since the forearm is blocked by the body.
C\ Cr, when the forearm is filted backward, the retroprotructea numeral neact presses me joint capsule vigorously and further stress is loaded. When the humerus is externally rotated at position of elbow flexion in the position of dropping the upper limb, stress is loaded on the anterior part of the joint capsule. The synovial reflection at the attaching region of the glenoidal labrum of the anterior part of the joint capsule disappears and it functions as a part of the joint capsule. Stress is loaded on the coracohumeral lig. When the humerus is externally rotated, the humeral head is revoluted. Stress is also loaded by external rotation of the tendon of the biceps brachii, long head, and it forces the head down. Relaxation of the joint capsule (redundant structure) located in the inferior part of the joint capsule, opens anteriorly by external rotation. c) By flexion at the internal rotating position, stress is loaded in the posterior position of the joint capsule. With flexing, the twisting stress is loaded on the whole area of the joint capsule in clockwise direction (on the right shoulder in counterclockwise direction). Since the glenoid cavity faces anteriorly at an angle of 46 degrees, external rotation at an angle of 44 degrees is apparently Loaded on the gleno-humeral joint. Since the intermediate course up to the maximal elevating position is a cooperative movement of the gleno-humeral joint and :he scapulo-thoracic joint, details of position and direc-:ion of stress to be loaded on the joint capsule can only De observed with a living person. During abduction at he position of external rotation, stress is loaded on the anterior part of the joint capsule by external rotation. kccordingly upon abduction, the stress is loaded on the nferior part of the joint capsule, and the relaxation of he joint capsule in the inferior part (redundant Aructure) disappears. The final position of flexion at he internal rotation and abduction at the external rota-:ion is the same, this was named by Codman (1984) 'the pivotal paradox" . He reported that the range of nternal or external rotation is narrowed by elevating at he maximal elevating position and no internal or exLernal rotation is observed. At this position, the stress is loaded on the whole area of the joint capsule and the redundant structure in the inferior part of the joint :apsule disappears. The external layer is comprised of the shift of the Fasciae, ligaments and tendons (in the posterior part it s shifted from the fasciae of supraspinatus m., infraspinatus m. and teres minor m. and from coracoriumeral lig. in the superior part), and it is more of a secondary existence than the essential joint capsule. The internal layer is approximately 5 times thicker than the intermediate fibrous layer and the dense fine fascicular layer, but the intermediate fibrous layer is usually a iiigle la\ or and c\ists thinl^ . This suggests that the internal fibrous layer corresponds with the stress to be loaded on the joint capsule.
(4) Direction of stress on the joint capsule and arrangement of the fascicle.
The arrangement of the internal layer in the superior part of the joint capsule is similar to the arrangement of coracohumeral lig. Therefore, its function seems to be to control the suspension and external rotation of the upper limb. Its direction corresponds to the direction of stress to be loaded on elevating the upper limb. The inferior part of the joint capsule consists of irregular connective tissue and runs circularly toward the glenoid cavity (it slightly opens toward the anterior part). At the descending position of the upper limb, relaxation of the joint capsule (redundant structure) is formed; this has an accordion opening effect. Its arrangement corresponds to the direction of stress to be loaded by elevating the arm. The anterior part of the joint capsule consists of a single fibrous layer corresponding to the arrangement of gleno-fumeral lig. The direction of arrangement of this fiber corresponds to the direction of stress to be loaded on the joint capsule when the upper limb is pulled inferiorly as well as to the direction of stress to be loaded at the position of external rotation in abduction (the position of limb, where the shoulder joint is vulnerable to anterior dislocation). This supports the function of the joint capsule as an anterior capsular mechanism, which protects the shoulder joint from anterior dislocation. However, it is not possible to explain from a mechanical point of view why the superior and posterior parts of the joint capsule have a 3-layered structure and others do not. It is presumed that the three layered joint capsule needs to be reinforced by fibrous layers with different arrangement due to its thin structure. The position and direction of stress to be loaded on the joint capsule differ depending on the motion of shoulder joint. It is also presumed that the crossing angle in the internal fibrous and intermediate fibrous layers of the joint capsule not only provides for limiting its motion, but also satisfies the requirement for elasticity of the joint capsule to allow wide-range motion. The crossing angle between the internal layer and the intermediate fibrous layer is approximately 30 degrees at the superior part of the joint capsule, approximately 70 degrees at the center of the posterior part, and approximately 150 degrees at the inferior area of the posterior parts of the joint capsule. That is to say, the angle becomes wider as the parts are lower. The narrower angle in the superior region of the joint capsule suggests that there is an almost uniform direction of stress and the joint capsule does not require high elasticity. Since the head is fixed to the glenoid cavity and becomes the fulcrum of motiou hen the upper limb is elevated (this tixation i miiiil p(_rloi11ic(1 the supraspinatus m.), no excessive elasticity is required at the superior part of the joint capsule. Crossing of the internal fibrous layer and the intermediate fibrous layer at an almost right angle is due to the direction of main stress corresponding to the arrangement of the internal fibrous layer as wellas stress of various directions to be loaded on this position of the joint capsule by motion (internal rotation, flexion, abduction and combination of these), and elasticity of the joint capsule may be required to make its motion possible. It is presumed that the wide crossing angle in the inferior region of the posterior part of the joint capsule allows for efficient motion of the inferior part of the joint capsule (accordion effect) and elasticity is required for opening the redundant structure by flexion or external rotation. The difference in the structure of each part in the shoulder joint makes a wide range of motion of the shoulder joint possible and restrains excess motion due to various arrangement of fibers. Therefore, the fibrous structure comprising the shoulder joint was studied as to its mechanical function corresponding to motion of the joint which accompanies the motion and stress of the shoulder joint. 
